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TECHNIQUES FOR DISTRIBUTING 
REPLICATION POINTS FOR TRAFFIC 

USING POINT-TO-POINT LINKS 

BACKGROUND OF THE INVENTION 

Embodiments of the present invention generally relate to 
networking and more speci?cally to techniques for dynami 
cally selecting replication points for replicating tra?ic. 

Multiple receivers may desire traf?c from a source. Egress 
routers for each receiver may then request tra?ic from the 
source. The tra?ic from the source may be multicasted from a 
head-end router to each egress routers. Each egress router 
then sends the information to a receiver. The head-end router 
replicates the tra?ic for all interested egress routers using 
point-to-point links. 

The head-end router thus does all the replication of the 
tra?ic. This includes many disadvantages. For example, there 
is a large load on the head-end router because it has to repli 
cate all the tra?ic for all requesting egress routers. Also, since 
all replicated tra?ic is sent from the head end router, the load 
on the link into the core of the netWork for the head-end router 
is also increased. 

SUMMARY 

Techniques for dynamically distribute replication points 
based on routing metrics are provided. A receiver list may be 
split based on the routing metrics. For example, the receiver 
list may be split based on unicast reachability over an inter 
face. If portions of egress routers are reachable over different 
interfaces, the portions are included together in a sublist. 
Thus, the list is split into sublists based on the reachability. 
Point-to -point links are then set up betWeen a head end router 
and an egress router in each sublist. The sublist is then sent to 
each egress router, Which can perform the process above in 
setting up a point-to -point link to another egress router in each 
sublist. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 depicts a system for replicating tra?ic according to 
one embodiment of the present invention. 

FIG. 2 depicts a simpli?ed ?oW chart of a method for 
routing tra?ic according to one embodiment of the present 
invention. 

FIG. 3 shoWs a different netWork con?guration of a net 
Work according to one embodiment of the present invention. 

FIG. 4 depicts another netWork con?guration of a netWork 
according to one embodiment of the present invention. 

DETAILED DESCRIPTION OF EMBODIMENTS 
OF THE INVENTION 

FIG. 1 depicts a system 100 for replicating tra?ic accord 
ing to one embodiment of the present invention. As shoWn, a 
netWork con?gured to route traf?c from a source 114 to 
receivers 116 is provided. A netWork includes a head-end 
router 102-1, and egress routers 102-2, 102-3, 102-4, 102-5, 
and 102-6. P routers 104 (i.e., core routers) are also provided. 
Although this netWork con?guration is shoWn, it Will be 
understood that other netWork con?gurations Will be appre 
ciated and Will be described beloW in more detailed detail. 

Routers 102 are routers at the edge of a netWork. For 
example, they may be provider edge (PE) routers. Head end 
router 102-1 is con?gured to receive tra?ic from source 114. 
Egress routers 102-2-102-6 are con?gured to receive tra?ic 
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2 
and send it to receivers 116. P routers 104 are routers in the 
core of the netWork. Although routers are described, it Will be 
understood that other netWork devices may be appreciated. 

Receivers 116 are any devices behind egress routers 102. 
Receivers 116 may be interested in receiving traf?c from 
source 114. Source 114 may be any source providing traf?c. 
In one embodiment, source 114 is a multicast source. 

When receiver 116 Wants to receive traf?c from source 
114, egress router 102 sends a request to head-end router 
102-1 for the traf?c. For example, a protocol independent 
multicast (PIM) join request may be sent. This requests mul 
ticast traf?c for receiver 116. The request is sent through the 
core (through p routers 104) and is received at head-end 
router 102-1. In one embodiment, receivers 116-2-receivers 
116-6 are all interested in receiving traf?c from source 114. 
Thus, egress routers 102-2-102-6 send requests to head-end 
router 102-1. 

A receiver list 106-1 is generated that includes the list of 
egress routers 102 that are interested in tra?ic from source 
114. As shoWn, receiver list 106-1 includes identi?ers (PE2, 
PE3, PE4, PE5, and PE6) for egress routers 102-2-102-6. 
Embodiments of the present invention are con?gured to 

dynamically distribute replication points based on routing 
metrics. Receiver list 106 may be split based on the routing 
metrics. For example, receiver list 106-1 may be split based 
on unicast reachability over an interface. If portions of egress 
routers 102 are reachable over different interfaces, the por 
tions are included together in a sublist. Thus, the list is split 
into sublists based on the reachability. It Will be understood 
that if all egress routers 102 are reachable over a single inter 
face, receiver list 106 may not be split. This Will be described 
in more detail beloW. 

Egress routers 102 are then chosen in each sublist. Each 
router 102 is chosen using routing metrics. A point-to-point 
link is set up to the chosen egress router 102 in each sublist. 
The remaining routers in each sublist are sent to each chosen 
egress router 102, Wherein each chosen egress router 102 noW 
becomes a replication point. 

Egress routers 102 then perform the same process as head 
end router 102 performed. For example, each egress router 
102 determines if the sublist should be split based on routing 
metrics. It then selects another egress router 102 to set up a 
point-to-point link. This process continues as point-to-point 
links are set up for all routers 102 in receiver list 106. 

The above process Will noW be described in more detail. As 
shoWn, a list determiner 108-1 accesses receiver list 106-1. 
List determiner 108-1 determines if receiver list 106 should 
be split based on routing metrics. The routing metrics may 
include any metrics used for routing tra?ic in Which router 
102 has access, such as interior gateWay protocol (IGP) met 
rics. For example, the metrics may include a bandWidth of a 
link, a closest router in distance, or any other metrics. 

In one example, the routing metrics may be unicast reach 
ability over different interfaces. Different sets of egress rout 
ers 102 may be reachable over different physical interfaces. 
As shoWn, egress routers 102-2-102-4 may be reached 
through P router 104-1 and egress routers 102-5 and 102-6 
may be reached through P router 104-2. In this case, receiver 
list 106 may be split into tWo different sublists. The ?rst 
sublist includes egress routers 102-2-102-4 and the second 
sublist includes egress routers 102-5 and 102-6. 
A route determiner 110-1 is con?gured to determine an 

egress router 102 in each sublist in Which to set up a point 
to-point link. The point-to-point link may be a point-to-point 
label sWitched path (LSP). This link may not be signaled hop 
by hop (i.e., from head end router 102-1 to P router 104-1 to 
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egress router 102-2) but directed between head end router 
102-1 and egress router 102-2. 

Routing metrics are used to determine Which egress router 
102 to set up a point-to-point link ?rst. In one example, the 
closest egress router 102 found in each sublist may be deter 
mined. If multiple egress routers 102 have equal metrics, a 
policy may be used to decide Which one to choose. For 
example, the policy may be to select egress router 1 02 that has 
the loWest numerical IP address. 

In one embodiment, egress router 102-2 is selected in the 
?rst sublist and egress router 102-5 is selected in the second 
sublist. Router determiner 110-1 then sets up point-to-point 
links With egress router 102-2 and egress router 102-4. 

For example, a ?rst point-to-point link is set up betWeen 
head-end router 102-1 and egress router 102-2 and a second 
point-to-point link is set up betWeen head-end router 102-1 
and egress router 102-5. A list of remaining egress routers 102 
for each sublist is then sent. For example, a sublist 106-2 With 
egress routers 102-3 and 102-4 (PE3 and PE4) on it is sent to 
egress router 102-2. Also, a sublist 106-5 is sent to egress 
router 102-5 and includes egress router 102-6 (PE6) in it. In 
one embodiment, doWnstream PIM joins are sent to egress 
routers 102-2 and 102-5 With the remaining egress routers 
102 in each sublist. 

Egress router 102-2 can then set up a point-to-point link to 
an egress router 102 in receiver sublist 106-2. The same 
algorithm as described above With respect to head end router 
102-1 may be used. For example, if multiple egress routers 
102 are found in sublist 106-2, list determiner 108-2 deter 
mines if sublist 106-2 needs to be split again based on the 
routing metrics. 

In this example, egress router 102-3 and egress router 
102-4 are found in sublist 106-2. List determiner 108-2 is 
con?gured to determine that egress routers 102-3 and 102-4 
are reachable over different interfaces. Thus, egress router 
102-2 splits sublist 106-2. In this case, there are no other 
egress routers 102 on sublist 106-2 after it is split. HoWever, 
if there Were other egress routers 102 reachable over the 
interfaces, they Would be sent in another sublist. 

Router determiner 110-2 sets up a point-to-point link 
betWeen egress router 102-2 and egress router 102-3 and 
betWeen egress router 102-2 and egress router 102-4. Egress 
router 102-2 may send a signal indicating that no more egress 
routers 102 are found on sublist 106-2, or it sends an empty 
list to 102-3 and 102-4. Thus, egress routers 102-3 and 102-4 
do not set up another point-to-point link. 

Also, egress router 102-5 receives sublist 106-5. A list 
determiner 108-5 examines it and determines if it should be 
split based on the routing metrics. In this case, egress router 
102-6 is included in sublist 106-3 and sublist 106-3 does not 
need to be split. Router determiner 110-5 then sets up a 
point-to-point link betWeen egress router 102-4 and egress 
router 102-5. There are no more egress routers 102 on sublist 

106-3; route determiner 110-5 sends a signal to egress router 
102-6 that no more receivers are on sublist 106-3. Egress 
router 1 02-6 receives the signal or it receives an empty list and 
thus does not set up a point-to-point link to any other egress 
routers 102. 

Accordingly, point-to-point links are set up betWeen egress 
routers 102 that have subscribed to receive the multicast 
tra?ic. Downstream egress routers 102 are dynamically cho 
sen as replication points using routing metrics. Thus, replica 
tion is distributed. This alleviates load on head end router 
102-1. 
The replication points can be dynamically chosen because 

egress routers 102 have access to routing metrics. These met 
rics may be used to determine Which egress routers 102 can be 
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4 
reached through Which interfaces. Also, doWnstream egress 
routers 102 that make good candidates for replication points 
can also be chosen using the routing metrics. Hosts, on the 
other hand, do not have access to routing metrics and thus 
cannot dynamically determine replication points. 
The point-to-point links set up a virtual link. The traf?c 

from source 114 may ?oW from head end router 102-1 to 
egress routers 102-2 and 102-5. Head end router 102-1 thus 
replicates tra?ic tWice, instead of replicating tra?ic for all ?ve 
egress routers 102-2-102-6. Egress routers 102-2 and 102-5 
receive the traf?c and are also replication points. 

Egress router 102-2 then sends the tra?ic to egress routers 
102-3 and 102-4 separately. Also, egress router 102-5 sends 
the tra?ic to router 106-6. Thus, the replication of tra?ic is 
of?oaded using embodiments of the present invention. 
Head end router 102 maintains the full list 106 of egress 

routers 102 that subscribed to receive the traf?c. List 106 may 
change as egress routers may drop out of list 106 (i.e., they no 
longer Wish to receive the traf?c) or egress routers may join 
list 106. In these cases, head end router 102 may have to do 
neW signaling. Head end router 102-1 re-organiZes the lists 
and signals it to egress routers, Which can modify point-to 
point links. For example, egress router 102-4 may signal to 
head-end router 102-1 that it is no longer interested in the 
traf?c. Head end router 102-1 creates a neW receiver list and 
signals this receiver list to egress router 102-2. As this 
receiver list no longer contains egress router 102-4, router 
102-2 tears doWn the point-to-point link to egress router 
102-4 and only maintains the point-to-point link to egress 
router 102-3. Head end router 102-1 may maintain hoW list 
106 Was split and signal the appropriate egress routers 102 
2-102-6 that are affected by the change in list 106. For 
example, as the list is split, head end router 102-1 can deter 
mine Which egress routers to send the modi?cations to based 
on hoW the list Was split. 

FIG. 2 depicts a simpli?ed ?oW chart 200 of a method for 
routing tra?ic according to one embodiment of the present 
invention. 

Step 202 receives requests for tra?ic from a plurality of 
egress routers 102. The requests may be for receivers 116 
connected to egress routers 102. 

Step 204 determines if a list of egress routers 102 needs to 
be split based on routing metrics. The list may be split based 
on unicast reachability through physical interfaces. 

If the list does not need to be split, step 206 determines an 
egress router 102 in list 106 based on routing metrics. In this 
case, all routers on receiver list 106 can be reached through 
the same interface. Step 208 then sets up a point-to-point link 
to the determined egress router 102 and sends a list of the 
remaining routers to a second egress router 102. 

Step 210 determines if any routers are left on the list. If not, 
then the process ends. If there are, the process then reiterates 
to step 206 Where the process as described above then pro 
ceeds With each receiving egress router 102 determining 
another router 102 in Which to set up a point-to-point link. 

Referring back to step 204, if a list does need to be split, 
step 212 splits list 106 into a plurality of sublists. 

Step 216 determines an egress router 102 in each of the 
sublists to set up a point-to-point link to. This is determined 
based on routing metrics. 

Step 218 then sets up a point-to-point link to each deter 
mined egress router 102 and sends a sublist of the remaining 
routers to each receiving egress router 102. Step 220 deter 
mines if any routers are left on the list for each sublist. If not, 
then the process ends. If there are, the process then reiterates 
to step 206 Where the process as described above proceeds. 
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Eventually, the process dynamically selects replication points 
and eventually set up point-to-point links for all egress routers 
102 in receiver list 106. 

FIG. 3 shoWs a different netWork con?guration 300 of a 
netWork according to one embodiment of the present inven 
tion. As shoWn, routers 102-1-102-6 are connected by physi 
cal links in a ring topology. Thus, if tra?ic needs to be sent 
from router 102-1 to router 102-4, it can either be sent through 
router 102-2 and 102-3 or through router 102-6 and router 
102-5. 

In a conventional ring topology, router 102-1 Would repli 
cate the traf?c for each router 102-2-102-6. Thus, the traf?c is 
replicated ?ve times over point-to-point links. Each link 
betWeen routers 102 consumes N-l times the traf?c. For 
example, ?ve times the tra?ic Will be sent from router 102-1 
to router 102-2. Router 102-2 Will then send four times the 
tra?ic to router 102-3 (i.e., the traf?c for 102-3, 102-4, 102-5, 
and 102-6). Router 102-3 Will then send three times the tra?ic 
(i.e., the tra?ic for 102-4, 102-5, and 102-6) to router 102-4, 
and so on. This process continues as tra?ic is sent to each 
router 102 in the ring topology. 

Using embodiments of the present invention, a receiver list 
106 may include routers 102-2-102-6. Router 102-1 deter 
mines if receiver list 106 needs to be split. In this case, routers 
102-2-102-6 are reachable over the same interface and thus 
list 106 is not split. 

Router 102-1 then determines a router in list 106 to set up 
a point-to-point link to based on routing metrics. For 
example, router 102-1 may determine that router 102-2 is the 
closest router. Router 102-1 then sets up a point-to-point link 
to router 102-2. It Will also send a ?rst sublist that includes 
routers 102-3-102-6. 

Router 102-2 is noW a neW replication point. Router 102-2 
determines if the ?rst sublist should be split. In this case, it 
should not and router 102-2 determines a router in the ?rst 
sublist in Which to set up a point-to-point link. Router 102-2 
then determines that it should set up a point-to-point link to 
router 102-3 based on routing information. Also, a second 
sublist is sent to router 102-2 that includes routers 102-4-102 
6. 

The above process continues as point-to-point links are set 
up betWeen routers 102-3 and 102-4, routers 102-4 and 102-5, 
and routers 102-5 and 102-6. Each point-to-point link Will 
only carry the traf?c once and head-end router 102-1 only has 
to replicate the tra?ic once. This may be more ef?cient than 
replicating the traf?c N times in addition to having a link 
consume N-l tra?ic. Rather, each link carries tra?ic for one 
router 102. Further, the traf?c may ?oW counterclockWise or 
clockWise based on policy. 

FIG. 4 depicts another netWork con?guration 400 of a 
netWork according to one embodiment of the present inven 
tion. As shoWn, a head end router 102-1 receives traf?c from 
source 114. Egress routers 102-2, 102-3, and 102-4 have 
receivers 116 that that are interested in tra?ic from source 
114. A P router 104 is also provided. 

Head end router 102-1 compiles a receiver list that includes 
egress routers 102-2-102-3. As can be seen, egress routers 
102-2-102-3 are reachable over the same interface. Conven 
tionally, head end router 102-1 Would have set up separate 
point-to-point links to egress router 102-2 and egress router 
102-3. Head end router 102-1 Would then have to replicate 
tra?ic for both egress routers 102-2-102-3. This consumes 
additional resources and CPU cycles on head end router 102 
1. Further, additional bandWidth is consumed on the link to P 
router 104 into the core of the network. 
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Using embodiments of the present invention, head end 

router 102-1 sets up one point-to-point link to one egress 
router 102 based on routing metrics. For example, the closest 
egress router 102 is selected. 
Head end router 102-1 may set up a point-to-point link to 

egress router 102-2. The rest of receiver list is signaled to 
egress router 102-2. Egress router 102-2 is then con?gured to 
set up a point-to-point link to a router based on routing met 
rics. In this case, egress router 102-2 determines that a point 
to-point link should be set up to egress router 102-3. In this 
case, there are no routers left on the list. Thus, egress router 
102-3 does not need to set up another point-to-point link. 
Head end router 102-1 and egress router 102-2 each per 

form one replication. The replication is distributed instead of 
having one router perform the replication. This alleviates load 
on head end router 102-1 and also load on the link into the 
core. 

The signaling is done toWard the head end router closest to 
source 114. The reverse path forWarding (RPF) interface on 
Which traf?c is accepted may be different from this. For 
example, in FIG. 1, egress router 102-2 and 102-3 may signal 
head end router 102-1 that they are interested in receiving the 
traf?c. The signaling may go from egress router 102-2 via a 
link to head end router 102-1 and from egress router 102-3 via 
a link to head end router 102-1. HoWever, When the point-to 
point links are set up, the links may not direct links from 
egress router 102-2 to head end router 102-1 and from egress 
router 102-3 to head end router 102-1. Rather, a point to point 
link may be set up from head end router 102-1 to egress router 
102-2 and then a point to point link is set up betWeen egress 
router 102-2 to egress router 102-3. 

Embodiments of the present invention alloW deployments 
Where not all routers in the netWork are capable of doing 
multicast replication. If not all routers in the netWork are 
capable of doing multicast replication, the only Way that 
multicast traf?c could reach a set of egress routers is if the 
head-end router does the replication. Embodiments of the 
present invention alloW multicast to be performed in this 
deployment Without having the head end router do all the 
replication. 

Although the invention has been described With respect to 
speci?c embodiments thereof, these embodiments are merely 
illustrative, and not restrictive of the invention. For example, 
embodiments of the present invention may be used for IP 
based netWorks. The replication is done at the application 
level. The point-to-point paths may also use generic routing 
encapsulation (GRE) to set up point-to-point paths. This 
encapsulation may be used instead of MPLS encapsulation. 
The techniques of splitting receiver list 106, sending it doWn 
stream, and choosing a router 102 based on routing metrics 
may still be used. 
Any suitable programming language can be used to imple 

ment the routines of embodiments of the present invention 
including C, C++, Java, assembly language, etc. Different 
programming techniques can be employed such as procedural 
or object oriented. The routines can execute on a single pro 
cessing device or multiple processors. Although the steps, 
operations, or computations may be presented in a speci?c 
order, this order may be changed in different embodiments. In 
some embodiments, multiple steps shoWn as sequential in this 
speci?cation can be performed at the same time. The 
sequence of operations described herein can be interrupted, 
suspended, or otherWise controlled by another process, such 
as an operating system, kernel, etc. The routines can operate 
in an operating system environment or as stand-alone routines 
occupying all, or a substantial part, of the system processing. 
Functions can be performed in hardWare, softWare, or a com 
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bination of both. Unless otherwise stated, functions may also 
be performed manually, in whole or in part. 

In the description herein, numerous speci?c details are 
provided, such as examples of components and/or methods, 
to provide a thorough understanding of embodiments of the 
present invention. One skilled in the relevant art will recog 
niZe, however, that an embodiment of the invention can be 
practiced without one or more of the speci?c details, or with 
other apparatus, systems, assemblies, methods, components, 
materials, parts, and/or the like. In other instances, well 
known structures, materials, or operations are not speci?cally 
shown or described in detail to avoid obscuring aspects of 
embodiments of the present invention. 
A “computer-readable medium” for purposes of embodi 

ments of the present invention may be any medium that can 
contain and store the program for use by or in connection with 
the instruction execution system, apparatus, system or device. 
The computer-readable medium can be, by way of example 
only but not by limitation, a semiconductor system, appara 
tus, system, device, or computer memory. 

Embodiments of the present invention can be implemented 
in the form of control logic in software or hardware or a 
combination of both. The control logic may be stored in an 
information storage medium, such as a computer-readable 
medium, as a plurality of instructions adapted to direct an 
information processing device to perform a set of steps dis 
closed in embodiments of the present invention. Based on the 
disclosure and teachings provided herein, a person of ordi 
nary skill in the art will appreciate other ways and/ or methods 
to implement the present invention. 
A “processor” or “process” includes any human, hardware 

and/or software system, mechanism or component that pro 
cesses data, signals or other information. A processor can 
include a system with a general-purpose central processing 
unit, multiple processing units, dedicated circuitry for achiev 
ing functionality, or other systems. Processing need not be 
limited to a geographic location, or have temporal limitations. 
For example, a processor can perform its functions in “real 
time,” “o?line,” in a “batch mode,” etc. Portions of processing 
can be performed at different times and at different locations, 
by different (or the same) processing systems. 

Reference throughout this speci?cation to “one embodi 
ment”, “an embodiment”, or “a speci?c embodiment” means 
that a particular feature, structure, or characteristic described 
in connection with the embodiment is included in at least one 
embodiment of the present invention and not necessarily in all 
embodiments. Thus, respective appearances of the phrases 
“in one embodiment”, “in an embodiment”, or “in a speci?c 
embodiment” in various places throughout this speci?cation 
are not necessarily referring to the sane embodiment. Further 
more, the particular features, structures, or characteristics of 
any speci?c embodiment of the present invention may be 
combined in any suitable manner with one or more other 
embodiments. It is to be understood that other variations and 
modi?cations of the embodiments of the present invention 
described and illustrated herein are possible in light of the 
teachings herein and are to be considered as part of the spirit 
and scope of the present invention. 

Embodiments of the invention may be implemented by 
using a programmed general purpose digital computer, by 
using application speci?c integrated circuits, programmable 
logic devices, ?eldprogrammable gate arrays, optical, chemi 
cal, biological, quantum or nanoengineered systems, compo 
nents and mechanisms may be used. In general, the functions 
of embodiments of the present invention can be achieved by 
any means as is known in the art. Distributed, or networked 
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8 
systems, components and circuits can be used. Communica 
tion, or transfer, of data may be wired, wireless, or by any 
other means. 

It will also be appreciated that one or more of the elements 
depicted in the drawings/?gures can also be implemented in a 
more separated or integrated manner, or even removed or 
rendered as inoperable in certain cases, as is useful in accor 
dance with a particular application. It is also within the spirit 
and scope of the present invention to implement a program or 
code that can be stored in a machine-readable medium to 
permit a computer to perform any of the methods described 
above. 

Additionally, any signal arrows in the drawings/Figures 
should be considered only as exemplary, and not limiting, 
unless otherwise speci?cally noted. Furthermore, the term 
“or” as used herein is generally intended to mean “and/or” 
unless otherwise indicated. Combinations of components or 
steps will also be considered as being noted, where terminol 
ogy is foreseen as rendering the ability to separate or combine 
is unclear. 
As used in the description herein and throughout the claims 

that follow, “a”, an and “the” includes plural references unless 
the context clearly dictates otherwise. Also, as used in the 
description herein and throughout the claims that follow, the 
meaning of “in” includes “in” and “on” unless the context 
clearly dictates otherwise. 
The foregoing description of illustrated embodiments of 

the present invention, including what is described in the 
Abstract, is not intended to be exhaustive or to limit the 
invention to the precise forms disclosed herein. While spe 
ci?c embodiments of, and examples for, the invention are 
described herein for illustrative purposes only, various 
equivalent modi?cations are possible within the spirit and 
scope of the present invention, as those skilled in the relevant 
art will recogniZe and appreciate. As indicated, these modi 
?cations may be made to the present invention in light of the 
foregoing description of illustrated embodiments of the 
present invention and are to be included within the spirit and 
scope of the present invention. 

Thus, while the present invention has been described 
herein with reference to particular embodiments thereof, a 
latitude of modi?cation, various changes and substitutions 
are intended in the foregoing disclosures, and it will be appre 
ciated that in some instances some features of embodiments 
of the invention will be employed without a corresponding 
use of other features without departing from the scope and 
spirit of the invention as set forth. Therefore, many modi? 
cations may be made to adapt a particular situation or material 
to the essential scope and spirit of the present invention. It is 
intended that the invention not be limited to the particular 
terms used in following claims and/or to the particular 
embodiment disclosed as the best mode contemplated for 
carrying out this invention, but that the invention will include 
any and all embodiments and equivalents falling within the 
scope of the appended claims. 
We claim: 
1. A method for distributing replication points in a network 

for distributing traf?c from a source, the method comprising: 
determining, at a ?rst network routing device, if a ?rst list 

of a plurality of network routing devices should be split 
into a plurality of sublists of sets of network routing 
devices based on a unicast reachability analysis by deter 
mining portions of the ?rst list that are reachable through 
one or more interfaces of the ?rst network routing device 
to the network routing devices in the ?rst list, wherein 
splitting the ?rst list is for distributing replication points 
for replicating the traf?c from the source and the ?rst list 
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is split based on unicast reachability of network routing 
devices in each set, Wherein network routing devices are 
con?gured to route the tra?ic; 

if the ?rst list should be split into the sublists, Wherein each 
sublist includes a portion of the ?rst list that is reachable 
over one of the interfaces, performing the steps of: 

selecting a recipient netWork routing device in each of the 
plurality of sets of netWork routing devices based on 
routing metrics of a point-to-point link from the ?rst 
netWork routing device to each of the recipient netWork 
routing devices; and 

setting up a ?rst point-to-point link from the ?rst netWork 
routing device to each of the selected recipient netWork 
routing devices, Wherein each selected recipient net 
Work routing device receives one of the sublists of any 
remaining netWork routing devices in a corresponding 
set of netWork routing devices, and is con?gured to split 
the received sublist, if any remaining netWork routing 
devices are on the received sublist, to set up a second 
point-to-point link to a remaining netWork routing 
device in the received sublist, 

Wherein the ?rst netWork routing device is con?gured as a 
replication point to replicate tra?ic received from the 
source to each of the selected recipient netWork routing 
devices. 

2. The method of claim 1, further comprising sending the 
tra?ic via the set up ?rst point-to-point link to each of the 
recipient netWork routing devices. 

3. The method of claim 1, Wherein Whenever a split of the 
?rst list, sublist or subsequent sublists occurs, a netWork 
routing device performing the split becomes a replication 
point. 

4. A method for distributing replication points in a netWork 
for distributing traf?c from a source, the method comprising: 

determining a ?rst list of a plurality of netWork routing 
devices that requested the tra?ic from the source based 
on a unicast reachability analysis through one or more 
interfaces of a ?rst netWork routing device to netWork 
routing devices in the ?rst list; 

selecting a second netWork routing device in the plurality 
of netWork routing devices based on routing metrics of a 
point-to-point link from the ?rst netWork routing device 
to the second netWork routing device, Wherein selection 
of the second netWork routing device is for distributing 
replication points for replicating the tra?ic from the 
source, Wherein netWork routing devices are con?gured 
to route the traf?c; 

determining a second list of at least a portion of the plural 
ity of netWork routing devices by splitting the ?rst list 
such that the second list is a sublist of the ?rst list, 
Wherein the routing metrics are used to determine reach 
ability of the at least the portion of the plurality of 
netWork routing devices through recipient netWork rout 
ing devices; 

setting up a ?rst point-to-point link from the ?rst netWork 
routing device acting as a replication point to the second 
netWork routing device; and 

sending the second list to the second netWork routing 
device, Wherein the second netWork routing device is 
con?gured to set up a second point-to-point link to a 
third netWork routing device in the second list of at least 
the portion of the plurality of netWork routing devices. 

5. The method of claim 4, further comprising: 
determining a third list of at least a second portion of the 

plurality of netWork routing devices, Wherein the third 
list is split from the second list; 
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10 
setting up a third point-to-point link from the third netWork 

routing device to a fourth netWork routing device; and 
sending the third list to the fourth netWork routing device. 
6. The method of claim 4, Wherein the routing metrics 

comprise interior gateWay protocol (1GP) metrics. 
7. The method of claim 4, Wherein the routing metrics 

comprise a closest netWork routing device metric, Wherein 
the second netWork routing device is a closest netWork rout 
ing device in the plurality of netWork routing devices to the 
?rst netWork routing device. 

8. The method of claim 4, Wherein if routing metrics for the 
second netWork routing device and third netWork routing 
device in the plurality of routing netWork routing devices are 
equal, the method further comprising: 

selecting from either the second netWork routing device or 
the third netWork routing device based on the policy. 

9. The method of claim 4, Wherein the routing metrics for 
all of the plurality of netWork routing devices in the ?rst list 
are analyZed in selecting the second netWork routing device. 

1 0. The method of claim 4, Wherein point-to -point links are 
set up for all of the plurality of netWork routing devices in the 
?rst list based on routing metrics. 

11. The method of claim 4, further comprising sending the 
traf?c from the ?rst netWork routing device to the second 
netWork routing device through the ?rst point-to-point link, 
Wherein the second netWork routing device sends the traf?c to 
the third netWork routing device through the second point-to 
point link. 

12. The method of claim 4, Wherein Whenever a split of the 
?rst list, second list or subsequent lists occurs, a netWork 
routing device performing the split becomes a replication 
point. 

13. A ?rst netWork routing device con?gured to distribute 
replication points in a netWork for distributing tra?ic from a 
source, Wherein the ?rst netWork routing device comprises: 

one or more computer processors; and 

a memory containing instructions that, When executed by 
the one or more computer processors, cause the one or 

more computer processors to perform a set of steps 
comprising: 
determining, at the ?rst netWork routing device, if a ?rst 

list of a plurality of netWork routing devices should be 
split into a plurality of sublists of sets of netWork 
routing devices based on a unicast reachability analy 
sis by determining portions of the ?rst list that are 
reachable through one or more interfaces of the ?rst 
netWork routing device to the netWork routing devices 
in the ?rst list, Wherein splitting the ?rst list is for 
distributing replication points for replicating the traf 
?c from the source and the ?rst list is split based on 
unicast reachability of netWork routing devices in 
each set, Wherein netWork routing devices are con?g 
ured to route the traf?c; 

if the ?rst list should be split into the sublists, Wherein 
each sublist includes a portion of the ?rst list that is 
reachable over one of the interfaces, performing the 
steps of: 

selecting a recipient netWork routing device in each of 
the plurality of sets of netWork routing devices based 
on routing metrics of a point-to-point link from the 
?rst netWork routing device to each of the recipient 
netWork routing devices; and 

setting up a ?rst point-to-point link from the ?rst net 
Work routing device to each of the selected recipient 
netWork routing devices, Wherein each selected 
recipient netWork routing device receives one of the 
sublists of any remaining netWork routing devices in a 
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corresponding set of network routing devices, and is 
con?gured to split the received sublist, if any remain 
ing network routing devices are on the received sub 
list, to set up a second point-to-point link to a remain 
ing network routing device in the received sublist, 

wherein the ?rst network routing device is con?gured as 
a replication point to replicate traf?c received from 
the source to each of the selected recipient network 
routing devices. 

14. The network routing device of claim 13, wherein the 
instructions cause the one or more processors to perform 
further steps comprising sending the traf?c via the set up 
point-to-point links to each of the recipient network routing 
devices. 

15. A ?rst network routing device con?gured to distribute 
replication points in a network for distributing traf?c from a 
source, wherein the ?rst network routing device comprises: 

one or more computer processors; and 
a memory containing instructions that, when executed by 

the one or more computer processors, cause the one or 

more computer processors to perform a set of steps 
comprising: 
determining a ?rst list of a plurality of network routing 

devices that requested the tra?ic from the source 
based on a unicast reachability analysis through one 
or more interfaces of the ?rst network routing device 
to network routing devices in the ?rst list; 

selecting a second network routing device in the plural 
ity of network routing devices based on routing met 
rics of a point-to-point link from the ?rst network 
routing device to the second network routing device, 
wherein selection of the second network routing 
device is for distributing replication points for repli 
cating the traf?c from the source, wherein network 
routing devices are con?gured to route the traf?c; 

determining a second list of at least a portion of the 
plurality of network routing devices by splitting the 
?rst list such that the second list is a sublist of the ?rst 
list, wherein the routing metrics are used to determine 
reachability of the at least the portion of the plurality 
of network routing devices through recipient network 
routing devices; 

setting up a ?rst point-to-point link from the ?rst net 
work routing device acting as a replication point to the 
second network routing device; and 

sending the second list to the second network routing 
device, wherein the second network routing device is 
con?gured to set up a second point-to-point link to a 
third network routing device in the second list of at 
least the portion of the plurality of network routing 
devices. 

16. The ?rst network routing device of claim 15, further 
comprising: 

determining a third list of at least a second portion of the 
plurality of network routing devices, wherein the third 
list is split from the second list; 

setting up a third point-to-point link to a fourth routing 
device; and 

sending the third list to the fourth network routing device. 
17. The ?rst network routing device of claim 15, wherein 

the routing metrics comprise interior gateway protocol (1GP) 
metrics. 

18. The ?rst network routing device of claim 15, wherein 
the routing metrics comprise a closest network routing device 
metric, wherein the second network routing device is a closest 
network routing device in the plurality of network routing 
devices to the ?rst network routing device. 
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19. The ?rst network routing device of claim 15, wherein if 

routing metrics for the second network routing device and 
another network routing device in the plurality of network 
routing devices are equal, the set of steps further comprising: 

selecting from either the second network routing device or 
the another network routing device based on the policy. 

20. The ?rst network routing device of claim 15, wherein 
the step of selecting the second network routing device com 
prises analyZing the routing metrics for all of the plurality of 
network routing devices in the ?rst list. 

21. The ?rst network routing device of claim 15, wherein 
point-to-point links are set up for all of the plurality of net 
work routing devices in the ?rst list based on routing metrics. 

22. The ?rst network routing device of claim 15, wherein 
the instructions cause the one or more computer processors to 
perform further steps comprising sending the tra?ic from the 
?rst network routing device to the second network routing 
device through the ?rst point-to-point link, wherein the sec 
ond network routing device sends the tra?ic to the third net 
work routing device through the second point-to-point link. 

23. A ?rst network routing device con?gured to distribute 
replication points in a network for distributing tra?ic from a 
source, the device comprising: 
means for determining, at the ?rst network routing device, 

if a ?rst list of a plurality of network routing devices 
should be split into a plurality of sublists of sets of 
network routing devices based on a unicast reachability 
analysis by determining portions of the ?rst list that are 
reachable through one or more interfaces of the ?rst 
network routing device to the network routing devices in 
the ?rst list, wherein splitting the ?rst list is for distrib 
uting replication points for replicating the traf?c from 
the source and the ?rst list is split based on unicast 
reachability of network routing devices in each set, 
wherein network routing devices are con?gured to route 
the traf?c; 

means for selecting a recipient network routing device in 
each of the plurality of sets of network routing devices 
based on routing metrics of a point-to-point link from 
the ?rst network routing device to each of the recipient 
network routing devices if the ?rst list should be split; 
and 

means for setting up a ?rst point-to-point link from the ?rst 
network routing device to each of the selected recipient 
network routing devices if the ?rst list should be split, 
wherein each selected recipient network routing device 
receives one of the sublists of any remaining network 
routing devices in a corresponding set of network rout 
ing devices and is con?gured to split the received sublist, 
if any remaining network routing devices are on the 
received sublist, to set up a second point-to-point link to 
a remaining network routing device in the received sub 
list, 

wherein the ?rst network routing device is con?gured as a 
replication point to replicate traf?c received from the 
source to each of the selected recipient network routing 
devices. 

24. A ?rst network routing device con?gured to distribute 
replication points in a network for distributing tra?ic from a 
source, the device comprising: 
means for determining a ?rst list of a plurality of network 

routing devices that requested the tra?ic from the source 
based on a unicast reachability analysis through one or 
more interfaces of the ?rst network routing device to 
network routing devices in the ?rst list; 

means for selecting a second network routing device in the 
plurality of network routing devices based on routing 
metrics of a point-to-point link from the ?rst network 
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routing device to the second network routing device, 
Wherein selection of the second network routing device 
is for distributing replication points for replicating the 
traf?c from the source, Wherein netWork routing devices 
are con?gured to route the tra?ic; 

means for determining a second list of at least a portion of 
the plurality of netWork routing devices by splitting the 
?rst list such that the second list is a sublist of the ?rst 
list, Wherein the routing metrics are used to determine 
reachability of the at least the portion of the plurality of 
netWork routing devices through recipient netWork rout 
ing devices; 

14 
means for setting up a ?rst point-to-point link from the ?rst 

netWork routing device acting as a replication point to 
the second netWork routing device; and 

means for sending the second list to the second netWork 
routing device, Wherein the second netWork routing 
device is con?gured to set up a second point-to-point 
link to a third netWork routing device in the second list of 
at least the portion of the plurality of netWork routing 
devices. 


